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ABSTRACT
As routine identiﬁcation of coagulase-negative staphylococci is problematic, the performance of
automated ribotyping was evaluated for identiﬁcation of coagulase-negative staphylococci other than
Staphylococcus epidermidis. In total, 177 isolates were tested, comprising 149 isolates from blood samples,
15 isolates that were not identiﬁed by internal transcribed spacer (ITS)-PCR in a previous study, and 13
reference strains. The identiﬁcation results were compared with those obtained by the API 20 Staph
system, with standard phenotypic and molecular methods as reference. Most (n = 166; 93.8%) isolates
were identiﬁed correctly by automated ribotyping. For 61 isolates, API 20 Staph and ribotyping were in
agreement, but for 105 isolates, ribotyping provided correct identiﬁcation and API 20 Staph did not.
Four isolates not identiﬁed by automated ribotyping were recognised correctly by API 20 Staph. The
remaining seven isolates could not be identiﬁed by either of the two methods. Automated ribotyping
was able to distinguish Staphylococcus capitis reliably from Staphylococcus caprae. The results demonstrate
the value of automated ribotyping for identiﬁcation of coagulase-negative Staphylococcus (CoNS) isolates
from human sources and may help to clarify the clinical relevance of CoNS species. In addition,
automated ribotyping was able to detect polymorphisms that may be useful for epidemiological
purposes within S. capitis, Staphylococcus hominis, Staphylococcus haemolyticus, Staphylococcus simulans,
S. caprae, Staphylococcus warneri, Staphylococcus lugdunensis, Staphylococcus schleiferi, Staphylococcus sciuri,
Staphylococcus pasteuri and Staphylococcus xylosus.
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INTRODUCTION
Coagulase-negative staphylococci are the micro-
organisms isolated most frequently from clinical
sources and the most common cause of nosoco-
mial bloodstream infections, especially in patients
with intravascular catheters. The presence of these
opportunistic pathogens in hospitals is a cause for
concern, as they can act as reservoirs of antimi-
crobial resistance determinants [1]. Because these
bacteria are normal inhabitants of the human skin,
it is often difﬁcult to establish whether their
isolation from the bloodstream represents a true
infection or only contamination, e.g., following
venipuncture. Because of the diversity of bacteria
constituting the skin ﬂora, the repeated presence
of the same organism in consecutive blood cul-
tures may indicate the clinical signiﬁcance of
coagulase-negative Staphylococcus (CoNS) isolates.
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If the same species, except Staphylococcus epider-
midis, is isolated from independent blood cul-
tures, it is generally considered to represent a true
CoNS infection. For S. epidermidis isolates, conﬁr-
mation by strain typing is considered necessary
[2,3]. Correct evaluation of catheter-related bac-
teraemia in clinical practice is also difﬁcult;
indeed, one of the proposed deﬁnition criteria
is ‘the positive result of semiquantitative
(15 CFU ⁄ catheter segment) or quantitative
(102 CFU ⁄ catheter segment) catheter culture,
whereby the same organism (species and antibi-
ogram) is isolated from a catheter segment and a
peripheral blood sample’ [4]. In the assessment of
the potential pathogenicity of a clinical isolate,
precise and rapid identiﬁcation at the species
level is therefore considered useful.
Routine identiﬁcation of coagulase-negative
staphylococci to the species level remains prob-
lematic in the clinical microbiology laboratory.
One reason for this is the rapidly evolving
taxonomy of the genus Staphylococcus [3,5–8]. In
addition, most laboratories use commercial sys-
tems that are based on biochemical reactions.
However, commercial identiﬁcation kits often
provide unreliable results for CoNS species,
particularly for non-S. epidermidis isolates, as a
result of the variability of diagnostic reactions
within species and the subjective nature of their
interpretation [9–13].
Several molecular approaches aimed at
improving the identiﬁcation of CoNS isolates
have been developed and evaluated. These can
be divided broadly into two categories [14]. First,
some methods are based on the detection of
species-speciﬁc sequences [15–17]. Second, some
methods index the variation at or near genomic
sequences present in all species, such as tRNA
operons [18,19] or rRNA operons. Methods that
index variation at the rRNA operons include
internal transcribed spacer (ITS)-PCR [9,13,20]
and ribotyping.
Ribotyping, or rRNA restriction fragment
length polymorphism analysis [21,22], is based
on differences in the genes encoding the 16S, 5S
and 23S rRNA and ﬂanking DNA. This technique
can be applied both for typing and for species-
level identiﬁcation purposes [23–25]; in particular,
it has been used in the study of staphylococci for
both molecular epidemiology [13,26–29] and
identiﬁcation and taxonomic purposes [5,13,14,27,
30–35]. High-quality databases of ribotyping
proﬁles, including representative strains of nearly
all described CoNS species and subspecies, have
been constructed and are useful for identiﬁcation
of unknown isolates [14]. However, ribotyping is
time-consuming and technically demanding when
performed manually, and lack of standardisation
makes it difﬁcult to compare proﬁles generated in
different laboratories. In recent years, the interest
in ribotyping has been stimulated by the availab-
ility of the RiboPrinter Microbial Characterization
System (DuPont-Qualicon, Wilmington, DE),
which performs ribotyping on an automated basis
[36,37].
In contrast to the manual method, automated
ribotyping has not previously been evaluated
thoroughly for its ability to identify CoNS species
and to discriminate among isolates below the
species level, although it has been used for
taxonomic analysis of CoNS isolates [38,39]. The
aim of the present study was to evaluate the
ability of automated ribotyping to identify isolates
of CoNS species, other than S. epidermidis,
obtained from the blood of patients admitted to
the IRCCS Policlinico San Matteo (Pavia, Italy)
during a 4-year period. The identiﬁcation results
were compared with those obtained using the API
20 Staph system (bioMe´rieux, Marcy l’Etoile,
France), which is one of the most widely used
commercial phenotypic methods and is used
routinely in the Bacteriology Laboratory of the
IRCCS Policlinico San Matteo.
MATERIALS AND METHODS
Bacterial strains
In total, 177 CoNS isolates, comprising three sets of isolates
with different origins, were analysed in this study. First, 149
CoNS isolates (excluding S. epidermidis) were obtained from
blood samples collected routinely over a 4-year period from
patients admitted to different wards of the IRCCS Policlinico
San Matteo, Pavia, Italy. The isolates were grown on Columbia
agar supplemented with sheep blood 5% v ⁄v, and were
screened carefully to avoid mixed cultures. Agar plates were
examined after incubation for 2 days at 35C, followed by
growth for 2 days at room temperature [40]. Pure cultures of
catalase-positive, coagulase-negative, trehalose-non-ferment-
ing and mannitol-non-fermenting Gram-positive cocci were
included in the study. Fermentation of trehalose and mannitol
(purple broth test) was used to exclude S. epidermidis isolates
[41]. Further phenotypic and genotypic tests were then
performed on a stored subculture of a single colony. Second,
15 clinical isolates that had failed to be identiﬁed by ITS-PCR
in a previous study were included [9]. Finally, 13 reference
strains were included as controls; these comprised Staphylo-
coccus haemolyticus (ATCC 15796), Staphylococcus warneri
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(ATCC 27836T), Staphylococcus hominis (ATCC 27844T), Staphy-
lococcus simulans (ATCC 27848T), Staphylococcus sciuri (ATCC
29062T), Staphylococcus capitis (ATCC 35661), Staphylococcus
schleiferi (ATCC 43808T), Staphylococcus pasteuri (ATCC 51129T),
Staphylococcus lugdunensis (ATCC 43809T), Staphylococcus caprae
(ATCC 35538T), Staphylococcus saprophyticus (ATCC 15305T),
Staphylococcus equorum (ATCC 43958T), and Staphylococcus
xylosus (ATCC 29971T).
Phenotypic identiﬁcation and automated ribotyping
All of the isolates were analysed using the API 20 Staph
system, following the manufacturer’s recommendations [42].
After incubation for 24 h at 35C, the reaction results were read
and interpreted against a reference identiﬁcation database
(APILab Plus, v. 3.3.3) provided by the manufacturer. For
isolates that were identiﬁed incorrectly or incompletely (e.g.,
isolates identiﬁed only to the genus level or with a low
discrimination), supplementary tests were performed in order
to evaluate the identiﬁcation proposed by the API 20 Staph
system. These isolates were considered to be unidentiﬁed by
the API 20 Staph system.
The RiboPrinter Microbial Characterization System was
also used according to standard recommendations [36]. EcoRI
was used as the restriction enzyme, as it has been shown in
previous studies to be highly discriminatory for CoNS spp.
[14]. The restriction patterns were analysed automatically,
producing normalised digital ﬁngerprints that were stored for
analysis in a computer database that was integral to the
system. The instrument software compared the electronic
ribotype ﬁngerprint automatically with the reference DuPont
identiﬁcation database. The version of the database used in
this study (DUP2002A, EcoRI library v. 6.5) contained 598
Staphylococcus ﬁngerprints, including 292 patterns of CoNS
isolates, representing 30 distinct CoNS species. For identiﬁca-
tion purposes, a threshold value of 85% overall similarity (as
determined with an algorithm similar to the Pearson correla-
tion coefﬁcient in the range of molecular sizes from 1 to 48 kb)
between the test ﬁngerprint and the database reference
ﬁngerprint was used.
A strain was considered to be identiﬁed correctly when the
results obtained by API 20 Staph and automated ribotyping
were in agreement. When the methods were in disagreement,
or when one or both methods were unable to provide an
identiﬁcation to the species level, supplementary phenotypic
tests were performed [3,43,44]. These tests included measure-
ment of colony diameter, the ability or inability to grow
anaerobically, at different temperatures, or at different NaCl
concentrations, oxidase test, fermentation of sugars not inclu-
ded in the API 20 Staph system (e.g., arabinose, cellobiose,
fucose, salicin and turanose), and susceptibility to novobiocin.
The identiﬁcation of isolates belonging to unusual species was
conﬁrmed by partial sequencing of the 16S rRNA gene (see
below). The identiﬁcation results obtained following supple-
mentary tests and ⁄ or 16S rDNA sequencing were used as a
reference to evaluate the identiﬁcation ability of API 20 Staph
and automated ribotyping.
Categorisation into ribotypes
For typing purposes, patterns were categorised into ribotypes
by the RiboPrinter software. Patterns were attributed to a
given ribotype if they showed a similarity ‡ 90% over the size
range 1–48 kb. However, because automated grouping of
isolates has been shown previously to be unreliable [37,45],
visual inspection and manual correction of the RiboPrinter
categorisation was performed in the present study for all
isolates. In particular, bands of > 30 kb were evaluated
carefully, because they are subject to errors in interpretation
by the instrument. Patterns were considered to be distinct
ribotypes when they showed at least one clear band difference,
a criterion used generally for ribotype deﬁnition [46].
16S rDNA sequencing and nucleotide sequence accession
number
To conﬁrm the identiﬁcation of some isolates from species that
are encountered rarely (S. pasteuri, S. caprae, S. sciuri), the 16S
rRNA gene was partially sequenced. Brieﬂy, after extraction of
genomic DNA by standard methods, the 16S rDNA was
ampliﬁed with universal primers 27F (5¢-AGAGTTTGATCCT
GGCTCAG) and 1492R (5¢-GGTTACCTTGTTACGACTT) [47],
which amplify a 500-bp fragment corresponding to the ﬁrst
domain of the 16S rRNA molecule. The amplicons obtained
were sequenced using ABI Big Dye Terminator (Applied
Biosystems, Foster City, CA, USA) with the same primers. The
nucleotide sequences were compared to the GenBank database
with the BLAST program. The rDNA partial sequence of an
S. sciuri isolate was deposited in the GenBank ⁄EMBL data
library (accession number AF516516).
RESULTS
With ribotyping, all 177 isolates gave well-deﬁned
hybridisation patterns that could be analysed. The
patterns were found to be completely reprodu-
cible, even with a similarity threshold of 98%,
when the ribotyping analysis was repeated with a
set of 21 randomly chosen strains. Eleven isolates
had patterns that did not match any entry in the
reference database. Among the 166 identiﬁcation
results, 61 (34.5%) were identical with the API 20
Staph results and were considered correct. For the
105 isolates for which there was a different or
inconclusive identiﬁcation result with API 20
Staph, the additional tests performed indicated
that all 105 isolates were identiﬁed correctly by
the RiboPrinter instrument. Thus, automated
ribotyping was able to identify correctly 166
(93.8%) of the 177 isolates included in the study.
Among the 11 isolates that were not identiﬁed
by ribotyping, visual analysis of the patterns
showed that all but one were similar to reference
patterns included in the reference identiﬁcation
database, albeit with a similarity index of < 85%.
These isolates resembled S. simulans (three iso-
lates with 80%, 84% and 84% similarity to an
S. simulans reference pattern), S. hominis (two
isolates; 78% and 81%), S. capitis (two isolates;
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83% each), S. haemolyticus (one isolate; 78%),
S. caprae (one isolate; 83%) and S. xylosus (one
isolate; 83%). The ribotype pattern of one
S. schleiferi isolate did not match with any data-
base pattern.
Analysis with the API 20 Staph system gave an
identiﬁcation result for 73 (41.2%) of the 177
isolates. Among these, 61 matched the ribotyping
results and were considered correct. Of the
remaining 12 isolates, four corresponded to iso-
lates that were not identiﬁed by automated
ribotyping. The complementary tests indicated
that API 20 Staph identiﬁed four isolates cor-
rectly, whereas eight (4.5%) were misidentiﬁed.
The isolates that were identiﬁed correctly by API
20 Staph and not with the RiboPrinter correspon-
ded to one each of S. simulans, S. schleiferi, S. capitis
and S. xylosus. Overall, API 20 Staph correctly
identiﬁed 65 (36.7%) of the 177 isolates.
Seven isolates could not be identiﬁed to the
species level by either ribotyping or API 20 Staph.
These isolates were identiﬁed by additional
phenotypic tests and ⁄ or 16S rDNA sequen-
cing as S. hominis (n = 2), S. simulans (n = 2),
S. haemolyticus, S. capitis and S. caprae (one each).
For each of these isolates, the Riboprinter pattern
closely resembled that for the corresponding
species in the reference database, but the similar-
ity index was < 85%.
This study also included 15 clinical isolates that
could not be identiﬁed by ITS-PCR in an earlier
study [9]; of these, 11 (73%) were identiﬁed by
ribotyping, whereas only six (40%) were identiﬁed
byAPI 20 Staph. Inﬁve cases, bothmethodswere in
agreement; six isolates were identiﬁed correctly by
ribotyping but not by API 20 Staph, and one
S. capitis isolate was identiﬁed correctly by API 20
Staph but not by ribotyping. Overall, the 15 isolates
were identiﬁed as S. capitis (n = 11), S. caprae
(n = 2), S. simulans (n = 1) and S. pasteuri (n = 1).
All 13 ATCC reference strains included in the
study were identiﬁed correctly by the RiboPrinter.
Conversely, API 20 Staph was only able to
identify eight reference strains. The strains that
were not identiﬁed by API 20 Staph were
S. haemolyticus, S. hominis, S. sciuri, S. pasteuri
and S. equorum.
Overall, the collection of 177 clinical isolates
comprised S. hominis (n = 51), S. haemolyticus
(n = 42), S. simulans (n = 34), S. capitis (n = 17),
S. warneri (n = 9), S. lugdunensis (n = 6), S. schlei-
feri (n = 4), S. sciuri (n = 3), S. caprae (n = 3),
S. saprophyticus (n = 3), S. pasteuri (n = 2),
S. xylosus (n = 2) and S. equorum (n = 1). The
results distributed according to species (Table 1)
showed that some species were identiﬁed well by
ribotyping, API 20 Staph, or both methods,
whereas correct identiﬁcation rates were lower
for other species. In particular, automated ribo-
typing showed good identiﬁcation rates for clin-
ical isolates of S. hominis, S. haemolyticus, S. warneri
and S. lugdunensis. The number of isolates ⁄ species
identiﬁed correctly by API 20 Staph was too small
to provide information about the performance of
this system with different species.
Several ribotype patterns were distinguished
within some species (Table 2; ribotype patterns
available from the corresponding author upon
request). In particular, species in which a high
number of patterns were found included S. capitis
Table 1. Identiﬁcation results obtained according to species by automated ribotyping and the API 20 Staph system
Species
(no. of isolates)
























S. hominis (51) 49 (96.1) 0 2 (3.9) 10 (19.7) 4 (7.8) 37 (72.5) 10 (19.6) 0 2 (3.9)
S. haemolyticus (42) 41 (97.6) 0 1 (2.4) 14 (33.3) 0 28 (66.7) 14 (33.3) 0 1 (2.4)
S. simulans (34) 31 (91.2) 0 3 (8.8) 10 (29.4) 4 (11.8) 20 (58.8) 9 (26.5) 0 2 (5.9)
S. capitis (17) 15 (88.2) 0 2 (11.8) 10 (58.8) 0 7 (41.2) 9 (52.9) 0 1 (5.9)
S. warneri (9) 9 (100) 0 0 4 (44.4) 0 5 (55.6) 4 (44.4) 0 0
S. lugdunensis (6) 6 (100) 0 0 5 (83.3) 0 1 (16.7) 5 (83.3) 0 0
S. schleiferi (4) 3 (75) 0 1 (25) 4 (100) 0 0 3 (75) 0 0
S. sciuri (3) 3 (100) 0 0 2 (66.7) 0 1 (33.3) 2 (66.7) 0 0
S. caprae (3) 2 (66.7) 0 1 (33.3) 1 (33.3) 0 2 (66.7) 1 (33.3) 0 1 (33.3)
S. saprophyticus (3) 3 (100) 0 0 3 (100) 0 0 3 (100) 0 0
S. pasteuri (2) 2 (100) 0 0 0 0 2 (100) 0 0 0
S. xylosus (2) 1 (50) 0 1 (50) 2 (100) 0 0 1 (50) 0 0
S. equorum (1) 1 (100) 0 0 0 0 1 (100) 0 0 0
Total (177) 166 (93.8) 0 11 (6.2) 65 (36.7) 8 (4.5) 104 (58.8) 61 (34.5) 0 7 (3.9)
aIsolates that API Staph identiﬁed only to the genus level, or was unable to identify.
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(nine patterns), S. hominis (seven patterns), and
S. haemolyticus and S. simulans (ﬁve patterns each).
The three S. caprae isolates showed three distinct
patterns. This intraspeciﬁc variability did not
affect the capacity of the RiboPrinter to identify
isolates of these species, because several distinct
patterns were represented in the identiﬁcation
database.
DISCUSSION
Identiﬁcation systems based on phenotypic reac-
tions are used widely to identify CoNS isolates,
for both clinical and research purposes [44]. One
of the most widely used systems is API 20 Staph,
but this system provided a correct identiﬁcation
for only 65 (36.7%) of 177 isolates in the present
study. These results conﬁrm that the commercial
identiﬁcation kits are only of limited value in
identifying CoNS isolates, as reported previously
[9–12]. Most isolates tested were identiﬁed by API
20 Staph only to the genus level, because the
results of the 20 biochemical reactions were often
identical for different staphylococcal species. A
variation in a single reaction could also cause a
misidentiﬁcation; for example, in the present
study, an S. lugdunensis isolate (a species that is
usually identiﬁed correctly by API 20 Staph) was
not identiﬁed because of the absence of trehalose
fermentation, a characteristic reported in only 1%
of strains. In addition, tests such as reduction of
nitrate to nitrite, alkaline phosphatase and acetyl-
methyl-carbinol production (Voges–Proskauer
reaction) were difﬁcult to interpret in the present
study. These problems have also been reported by
other authors [9–11].
The API 20 Staph system provided correct
identiﬁcation for only eight of 13 ATCC strains.
Two of the unidentiﬁed reference strains were
S. equorum and S. pasteuri, which are species that
are isolated rarely from clinical samples and that
are not in the API database. For the three other
reference strains (S. haemolyticus, S. hominis and
S. sciuri), API 20 Staph gave a ‘good’ identiﬁcation
to the genus level, and the identiﬁcation was
conﬁrmed easily with simple phenotypic tests
(novobiocin susceptibility for S. haemolyticus, col-
ony size combined with ribose or turanose acidi-
ﬁcation for S. hominis, and coagulase for S. sciuri).
In eight cases, API 20 Staph provided an incorrect
result. Four S. simulans isolates were identiﬁed as
S. saprophyticus, while four S. hominis isolates were
identiﬁed as S. xylosus (two isolates), S. lugdunensis
(one isolate) and S. sciuri (one isolate). Misiden-
tiﬁcations by API 20 Staph occurred with only
4.5% of the 177 isolates, but would be difﬁcult to
detect.
When supplementary phenotypic tests and 16S
rDNA sequence determinations were performed,
all isolates were identiﬁed to the species level.
However, these additional tests are time-consu-
ming and also technically demanding. The limi-
tations of phenotypic approaches mean that
molecular identiﬁcation methods have attracted
much interest. Ribotyping is recognised as a
reproducible method and has been validated, on
a manual basis, for Staphylococcus identiﬁcation
[13,21,30,48,49]. The main disadvantages are that
the technique is time-consuming, requires highly
skilled personnel, and lacks interlaboratory repro-
ducibility. Conversely, automated ribotyping is
easy to perform, highly reproducible [37,45] and
operator-independent. The results of the present
study show that automated ribotyping is highly
reliable for CoNS identiﬁcation, with a very high
value for identiﬁcation of CoNS isolates at the
species level. Additionally, in some cases, auto-
mated ribotyping was able to detect polymor-
phisms below the species level, as shown
previously for the manual ribotyping procedure
[14,38,51], which could be helpful for epidemio-
logical purposes. It should be emphasised that
automated ribotyping did not result in any
misidentiﬁcations in the present study.
Most (93.8%) non-S. epidermidis CoNS isolates
could be identiﬁed with the EcoRI reference
library provided by the manufacturer of the
RiboPrinter instrument. According to the design
of this study, isolates that were given the same
identiﬁcation by API 20 Staph and ribotyping
Table 2. Numbers of ribogroups obtained for individual
Staphylococcus spp. by automated ribotyping
Species No. of isolates tested No. of ribogroups
S. capitis 17 9
S. hominis 51 7
S. haemolyticus 42 5
S. simulans 34 5
S. warneri 9 3
S. lugdunensis 6 3
S. caprae 3 3
S. schleiferi 4 2
S. sciuri 3 2
S. pasteuri 2 2
S. xylosus 2 2
S. saprophyticus 3 1
S. equorum 1 1
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were considered to be identiﬁed correctly.
Although this hypothesis could be questioned, it
is unlikely that these two methods, which are very
distinct in their principles, would give an identi-
cal, but wrong, identiﬁcation. Indeed, the isolates
for which both methods were concordant are
more likely to represent typical, common strains
rather than unrecognised oddities.
The RiboPrinter EcoRI library includes almost
all staphylococcal species known to date, with the
exception of S. condimenti, S. saccharolyticus and
S. succinus. Some species (S. arlettae, S. carnosus,
S. equorum, S. felis, S. ﬂeuretti, S. lutrae, S. muscae,
S. piscifermentans, S. pulvereri and S. schleiferi) are
represented in the EcoRI library by fewer than
four reference patterns. However, except for
S. schleiferi, these species are isolated rarely from
clinical specimens. Since automated ribotyping
identiﬁcation libraries are constructed using ref-
erence strains, and since the technique is repro-
ducible, the good performance of the instrument
in identifying the ATCC strains was a logical
result. Eleven of the 15 staphylococcal isolates
that were not identiﬁed by ITS-PCR [9] were
identiﬁed by automated ribotyping, and most of
these 11 were identiﬁed as S. capitis. The difﬁculty
in their identiﬁcation by ITS-PCR may result from
a higher polymorphism around the rRNA oper-
ons within this species, as suggested by the
number of ribotypes obtained for S. capitis
(Table 2). The four remaining isolates (two
S. capitis, one S. caprae and one S. simulans) had
ribotype patterns that were just below the cut-off
level required for identiﬁcation (0.83 or 0.84 vs.
0.85). Difﬁculties in distinguishing between
S. caprae and S. capitis isolates by DNA–DNA
hybridisation or 16S rDNA sequencing have been
reported [11,35,50]. In contrast, the RiboPrinter
was able to differentiate these two species, as their
patterns clearly differed in the 6–12-kb region.
Corrections or updates of the RiboPrinter data-
base entries are possible and may be necessary as
a result of changes in the taxonomy or past
identiﬁcation errors. Such changes can be imple-
mented easily, either by feedback to the manu-
facturer or by using custom identiﬁcation
libraries. In addition, standardisation enables
exchange of RiboPrinter data between laborator-
ies and the identiﬁcation of isolates via the
Internet using public databases [37] such as the
GENE database (http://www.ewi.med.uu.nl/
gene).
In conclusion, the present study demonstrated
the value of automated ribotyping for identiﬁca-
tion of CoNS isolates. This conﬁrms evaluations
of the manual ribotyping procedure [14]. The
main disadvantage of automated ribotyping,
namely the requirement for expensive equipment,
is compensated for by the very simple protocol,
which requires minimum hands-on time. It may
be particularly appropriate for reference laborat-
ories or other institutions with a high throughput
of samples. Moreover, the standardisation and
reproducibility of the automated procedure
enables rapid updating and expansion of refer-
ence identiﬁcation databases, and the possibility
of performing on-line identiﬁcations.
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